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MODIS Daily Aerosol Products
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MODIS/Terra 7-Year Regional/Seasonal AOD Trends

Slope [AOT/month over 21 months]

-0.01 -0.006 -0.002 0 0.002 0.006 0.01

* Decrease over land, except E Asia + tropical Africa, S America, Indonesia burning seasons
* Increase over ocean, especially downwind of biomass burning areas

Remer et al, GRL submitted



One MODIS Aerosol Type Classification:
Low AOT (blue), High AOT+Coarse (green), High AOT+Fine (red)
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Kaufman et al., JGR, 2005



MISR Monthly Global Aerosol Mid-VIS AOT

July 2005
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Eight Years of Seasonally Averaged
Mid-visible Aerosol Optical Depth from MISR

Dec - Feb
Mar - May
Jun - Aug ngi\l.(aile
Sep - Nov

00 01 02 03 04 05 06 07 08 09 1.0

MISR aerosol optical depth

...Includes bright desert dust source regions .z ... s and csrc



Smoke from Mexico -- 02 May 2002
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We are aiming for Regional-to-Global
Aerosol Type Discrimination something like this...

January

5 Groupings Based on Aerosol Properties 13 Groupings Based on Aerosol Properties

(Global, Monthly Aerosol Maps Based on Expected MISR Sensitivity

The examples shown here are simulated from aerosol transport model calculations...

We currently achieve this kind of discrimination using the MISR Research Retrieval
in localized areas [examples follow], but not yet reliably on the global scale.

Kahn et al., JGR 2001



MISR Regional Aerosol Air Mass Types

Dust + Pollution -- UAE-2 Campaign September 01, 2004 (MISR V16)

MISR AQT (558 hm) Wezaira Angstrom Exponent SSA (558 nm)

0.1 0.5 0.8 0.25 1:0 - 1.5 0.92 - 0.96

MISR 26°f Image MISR AOT Angstrom Exponent SSA Fract Spherical

Four-to-five aerosol air masses - Higher ANG --> Lower SSA
West Side (including Dalma) Spherical, clean + Dust mixtures dominate

East Side (includes Sir Bu Nuair, MAARCO off swath) more Pollution, less Dust

Kahn, Reid, Holben, JGR, in preparation



Detail of Wildfire Source Region
Oregon Fire Sept 04 2003

MISR Nadir 275 m Image

6

g . °

%5 5 y
o 2 7 e
594 : 8
£so °* .
9% 3 25—
Ef ° 4

o
<“>{’~2 1 Source 3

[a\} i

X

N1

— |

0 T T T T T
0 5 10 15 20 25 30

Distance from Source 1 (km)

MISR Plume Heights for Patch 1 Sub-patches

Source 4
(720)

328 : a A A A A A A L
] .
324 54
1 4 - n ] [ ] L] L} L] L L
< 320 4B
< et
~ 1am
S 316 4y
[ L]
312
e * ¢ *
308 . ® Ta(NCEP)
V B Ta(G=6K/km)
A Ta(G=5K/k
34— _ ATa(G=5K/km)
0 1 2 3 4 5
A (km™)

Very Simple Plume Parcel Model



Transported Dust

Atlantic, off Mauritania March 4, 2004 Orbit 22399
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Dust Plume Transport: Measurements & Models

MISR + MODIS AOT Observatlons NAAPS Model Dust

NAAPS model dust plume extent predictions:
* In qualitative agreement with MISR & MODIS
 Magnitudes differ...

Models are the keys to synthesizing observations, filling gaps,
obtaining quantitative material flux, radiative forcing impacts...

Kalashnikova and Kahn. JGR submitted



MODIS Aerosol Retrieval Algorithm Steps

MODIS Aerosol Over Ocean Algorithm
All procedures applied to individual boxes of 20 x 20 pixels at 500 m resolution (10 km at nadir)

I Entire box clear of land pixels according to MOD35 lkm mask1 No? Go to Land Algorithm |_’

Wes? —» Continue masking, pixel by pixel
(1) spatial variability: stdev of p 55 calculate
from 3 x 3 centered on pixel >0.0025 then
all 9 pixels labeled ‘cloudy’
(2) dust call back: if p g 47/ p p.gg < 0.75, then
dust, use even if variability is high
(3)1If pg47>0.40 then ‘cloudy’
(4) IR fests: if any of 3 specific MOD 35 tests
incicate ‘cloudy’, then ‘cloudy”
(3) 1.38 cirrus tests: cloudyif p j 53/ pj94>03
OR if00l= P 133/P 124 =030
AND p ;33 >0.03
but, if0.10 =p 138/ P124 =030
AND 00l =p) 33 =003 then
‘not cloudy” but QC=0
(6) sediment mask:

Discard brightest 25% and
darkest 25% defined with p g gg

Axe there
atleast 10
£ood’ pixels?

Heavy dust

inconsistent
Fill value

consis tent EXIT

Do Inversion
For all 20 combinations
of 1 fine mode and 1 coarse mode,
Find r) and t such that
pml - pta;& is minimum over all .’s
where pml is MODIS measured reflectance
and p'®, = n p% + (1) p% from the LUT.
Choose which of the 20 combinations
has least extor (&)
Note in minimizing e, wavelengths are
weighted for information content and QC.

A Chosen LUTs T, Fluxin 7 s, 1_eff etc.
BesTsolunon is least error.

Average solution is either:
(a) average of all solutions where & < 3%
(b) if no € < 3%, then average of best 3

Final Checlking

Ift=50 (Outputr, flux in 7 1’s, 1_eff etc

Except For Dust -
whent<0.7 11l value
E3

Ift>50 ForDust sett=50

Output t=5.0, Fluxin 7 fsw
1 eff QC=0

E.

over glint. »
QC=0

For Not Dust ( Fill value -2]
E3

Ocean

MODIS Over Land Algonthm
Al procedures applied to individual boxes 0f20 %20 pixels at S00 m resolution (10 Jan at nadir)

]

Identify and mask all water, cloudy and snow/ice pixels.
Separate all pixels that are outside of 001< p, ;. <025
Discaud brightest 50% and darkest 20% of pixek defined with p, ..

Proceed with all non-
water, non-cloud, non-
snowdice pixels with
P21350.25and the
visible 20-50% filter
- these are the dark
target pixels.

at least 12 dark target pixels?

v

Path A - SetQC=3
For all identified ‘dark’ pixels,
Calculate mean p, 4, . Poes
P 047 =025 P 5550 P* s 050 P 5

Path B - Set QC=0
Now collect pixels with p, ,,>025
previously set aside. Count munber of
pixels (N) with
001 py 13025 f(uuy)
AND p, ., <040

Continental model LUT |y, Tos7 30 Tog

Caleulate path radiance (p,) at0.47 and 066
Spectial dependence of pathradiace

distinguishes dust from non-dust P 047 =025 P 253 P° 056 050 P 2

| Continental model LUT I—pto.ov

Output 1, Flux and other parameters

E

>09f(®)

Land

0.72 <AND <090 [(® > Non-dust " Pure dust

v Mixad Use geogiaphy to Use dust LUT to make retneval
choose nonrdust Only IF0.15 <py 45 <025

Make dust and non-dust LUT and make
Retnevals and combine miziaval \

Byweighting with “

Out put T, Flux and otler parameters T
Poaes/ Poaa

N > Gy

Remer et al., JAS 2005



Broad Outline of MISR Aerosol/Surface
Retrieval Algorithm Steps
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Stage 3
- Compare measurements
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Key Algorithm Inputs & Assumptions

Stage 1

- Calibration (band corrections, etc.)

- Surface Type Information (terrain type, snow mask, wind, etc.)
- Atmospheric gas concentrations (O3, H,0,, etc.)

- Ephemeris & solar input

- Cloud masking

Stage 2
- Aggregation (How to select & process the Stage 1 reflectances)
- Retrieval approach (What to assume or derive about aerosols & surface)**

Stage 3

- Aerosol components & mixtures
- Aerosol vertical distribution

- Radiative transfer code(s)

- Look-up table resolution

- Acceptance criteria

- Uncertainty metrics

** Retrieved Quantities <€<—-> Information Content of the data

Pre-launch Sensitivity Studies, Post-launch Validation



Scatter Plots Showing 579 MISR-AERONET Coincident AOT Events
32 sites, during 2001-2002; Stratified by Expected Aerosol Type
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MISR - MODIS - AVHRR Five-Year
Monthly, Global AOT Comparison

[Based on Standard “Level 3" Gridded Products]
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This is now a quantitative matter: What precisions & accuracies are needed
for climate (and health) applications?



MISR & MODIS Mid-Visible AOT Sensitivities
Reported Currently

e MISR: 0.05 or 20% * AOT overall; better over dark water
[Kahn et al., 2005]

e MODIS: 0.05 or 20% * AOT over land
0.03 or 5% * AOT over dark water [Remer et al. 2005]

Based on AERONET coincidences (cloud screened by both sensors)

--> For global, monthly AOT, AEROCOM uses
MISR over land, MODIS over water

Direct Radiative Forcing: Need AOT to <~ 0.02



MISR-MODIS-AERONET Sampling Differences
[Ascension Island 18 February 2005]
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Using any one of these to represent the entire region AOT --> large errors
Taken together, they give a better picture...

Kahn et al., JGR 2007



MISR-MODIS assumed Lower Boundary Condition Differences
[Forth Crete 13 September 2003]
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Ascension Island Jan 01 2005

Orbit 26811 Path 200 Blk. 97

Particle Properties Question

e Clean Maritime aerosol air mass

* No AOT decrease toward P1 & P2
* MISR spectral AOT slope too steep

--> particle sizes(?)
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Ascension Island Jan 01 2005
Orbit 26811 Path 200 Blk. 97
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MISR, MODIS, and AERONET Retrieved Particle Size Distributions

* AERONET spectral AOT independent of AERONET-retrieved size distribution
 Good AERONET spectral AOT fit with MODIS particles
* MISR V17 Standard Algorithm lacks spherical aerosol between 1 and 2.80 micron

--> Add 1.28, 1.5 and 2 micron aerosol back into MISR Standard algorithm



Zero-lag Correlations Between MJO Rainfall Index and
TOMS-AI, MODIS, and AVHRR Satellite Aerosol Products

LAOMS Al

TOMS Al (-)
[UV absorption]

MODIS AOT (+)
[scattered light]

AVHRR AOT (+)
[scattered light]
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ﬁ B
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Cloud Masking can be important at these space/time scales

From: Tian, Waliser et al., JGR in press




Where We Stand Currently on
Using MISR/MODIS AOT for Climate Studies

We have Many Successes

But for quantitative applications this is not easy...

We must beat down the Remaining Uncertainties
as much as possible:

e Measurement Sampling

e Calibration

e Lower Boundary Condition
e Particle Properties

* Cloud Screening

* Level 3 Aggregation

The teams are working on all of these...



Where We Are Heading

e Algorithm that integrates data from Multiple Sources

-- UV, Vis, Near-IR & Polarization -> {AOT, type, vert.
dist.}

-- Improve Coverage
-- NRT Met, Gas concentration, & Surface information

-- Active sensor precise aerosol Vertical Distribution
e Could an Aerosol Transport Model be part of the retrieval process?

-- Include detail from Sub-orbital Measuremenis

-- Use prior knowledge about aerosol Air Mass Continuity
-- “Interpolate” snapshots to a Uniformly sampled output
-- Provide detailed SSA & chemical Speciation



Los Alamos Fire, New Mexico May 9, 2000

MISR 60° Forward

MISR Nadir

MISR 60° Aft




